Introduction
Oral health-related quality of life (OHRQoL) is a popular concept to assess the impact of oral conditions and the effects of dental interventions. Many instruments exist to measure OHRQoL. This situation attests to the dental community's interest in OHRQoL, but it also challenges comparability and communication of results.
Therefore, from a conceptual point of view, reduction of the number of instruments seems necessary to improve standardization for using OHRQoL assessment globally. In addition, to be confident in the instrument scores, psychometric properties such as reliability, validity, responsiveness, and interpretability need to be known. From a practical point of view, this can only be achieved for a limited number of questionnaires.
However, instead of abandoning some OHRQoL instruments, combining them with other instrumentsa synthesis of questionnairesseems a promising strategy that can achieve better quality instruments while reducing their quantity. Some studies have already utilized several OHRQoL instruments together [1] [2] [3] [4] and other studies have even submitted them as a combined measure of OHRQoL in analyses [5, 6] . However, a more formal assessment whether instruments can be combined has not been performed yet. The prerequisite for a synthesis would be that instruments measure the same underlying latent attribute. Substantial correlations among OHRQoL questionnaire scores attest to this proposition empirically [2, 4, 6, 7] . However, these results apply to the OHRQoL global measure, the instrument summary score, but instrument combination needs to be done on the dimension level because these are the attributes that are actually measured and OHRQoL is just the global umbrella term. Conceptually, the hypothesized constructs that are measured by the General Oral Health Assessment Index (GOHAI) and the Oral Impacts on Daily Performances (OIDP) À two frequently used OHRQoL questionnaires À are similar to the four dimensions of OHRQoL (Oral Function, Orofacial Pain, Orofacial Appearance, and Psychosocial Impact) measured by OHIP [8, 9] , the most widely used OHRQoL instrument. Therefore, OHIP's dimensions may serve as the framework to integrate the other OHRQoL instruments' items. If this proposition would hold, GOHAI and OIDP items as well as the existing culture-specific OHIP items [10] [11] [12] , i.e., additional indicators of the OHRQoL construct measured with OHIP, should fall into the four OHIP-based dimensions. A relevant target population where such a new grouping of OHRQoL items could be studied would be prosthodontic patients. They could be considered typical dental patients because their number is large, they usually suffer from tooth loss resulting from the two major oral diseases, caries and periodontitis, and several other dental treatments are often performed in conjunction with prosthodontic therapy [13] .
Our study aimed to integrate items from two widely used OHRQoL questionnaires, the General Oral Health Assessment Index (GOHAI) and the Oral Impacts on Daily Performances (OIDP), as well as culturally specific items of the Oral Health Impact Profile (OHIP) into a four-dimensional OHRQoL model consisting of Oral Function, Orofacial Pain, Orofacial Appearance, and Psychosocial Impact.
Methods

Study setting, study design, and subjects
This is an ancillary study initiated within the Dimensions of Oral Health-Related Quality of Life (DOQ) Project [13] . The DOQ Project aims to identify OHIP's dimensional structure, i.e., how many important components the multidimensional oral health perception has. The project analyzes 49-item OHIP [14] data from general population subjects and prosthodontic patients from six countries (Croatia, Germany, Hungary, Japan, Slovenia, and Sweden) with validated OHIP instruments [11, 12, [15] [16] [17] [18] In each participating center, we targeted a consecutive sample of prosthodontic patients to study a new, one-week recall period for OHIP in a cross-sectional study [19] . In this study, patients were assessed on two occasions when their OHRQoL was assumed to be stable. Specifically, they were assessed either twice before the start of prosthodontic treatment or twice after the end of treatment. On average, two weeks elapsed between assessments. The order in which patients completed the two forms was determined by random assignment. The study design is similar to test-retest studies that were performed for testing the psychometric properties for language-specific OHIP versions in these six countries. However, instead of receiving two OHIPs with the same recall period, one OHIP form had a new, 7-day recall period and the other OHIP form had the commonly used onemonth recall period. For the present study, only the OHIP data with the one-month recall period were used. For details see our previous publication [19] . Institutional Review Boards reviewed and approved the studies in Croatia ( 
Data analysis
We studied the most popular OHRQoL instruments, i.e., OHIP, GOHAI, and OIDP. The OHIP-49 served to identify OHRQoL dimensions. Seven additional, culture-specific OHIP items, 15 GOHAI and 12 OIDP items were investigated whether they fit into the OHRQoL dimensions. Before the study, three experts (KRS, DRR, MTJ) independently assessed the GOHAI and the OIDP item content's overlap with OHIP to minimize patients' burden and to improve compliance by avoiding the use of very similar items. Then, in a discussion the experts reached a consensus. The experts also separated themes in GOHAI and OIDP items when they appeared together in a particular question. For example, a GOHAI question asks 'How often did you have trouble biting or chewing any kinds of food, such as firm meat or apples?' Because OHIP asks 'Have you had difficulty chewing any foods because of problems with your teeth, mouth, jaw or dentures?', only 'biting' was selected as a separate theme/problem to be retained in a new item with unique content. Taking culture-specific and original OHIP items' content into account, 12 GOHAI-related items, and then three OIDP-related items had unique content. Together with the seven culture-specific OHIP items, they constituted a set of 22 OHRQoL items with additional, not in OHIP-49 captured OHRQoL content.
To avoid the influence of methods effects, we adapted GOHAI and OIDP items to the OHIP framework and its recall period. For example, the previous GOHAI item was adapted to 'Have you had difficulty biting any foods because of problems with your teeth, mouth, jaw or dentures in the last month?' Available language versions of the GOHAI [1, 4, 20, 21] and the OIDP [22] [23] [24] were used to guide the adaptation process. Then, the three experts assigned the 22 items to the four OHIP-based dimensions of Oral Function, Orofacial Pain, Orofacial Appearance, and Psychosocial Impact. Reproducibility of this method was investigated before and found to be adequate [25] . First, the experts did this individually and then synthesized findings by consensus. For most items, assignment as a functional, painful, aesthetical or psychosocial problem was not difficult. Items the experts could not clearly classify into one of the four dimensions were assigned to Psychosocial Impact, because, in their opinion, this dimension represented the broader, more general impact from oral conditions. An example would be the culture-specific OHIP item 'biting cheeks' where the experts could not decide whether it was a functional or a painful problem. This procedure generated 22 hypotheses about OHRQoL items belonging to one of the four OHRQoL dimensions.
Based on the results from the DOQ Project [8] , as a marker for these dimensions, we calculated a dimension score averaging the items per dimension so that the dimension score would be on the same 0-4 scale as the 22 item responses. Then, we correlated dimension scores and item responses using a Spearman rank correlation coefficient, resulting in four coefficients per item.
We performed the item-to-dimension classification similarly as in exploratory factor analysis (EFA), except for the difference that in EFA the latent dimensions are not known; in our study, we had four already existing dimensions. In EFA, after extraction of a certain number of unknown factors, the items' correlations (loadings) with these factors are inspected to inform about the dimensions. Only salient items, i.e., items exceeding a certain threshold, are further considered because only they are considered informative. We used in a previous EFA a criterion of 0.45 as a threshold for saliency [9] . Therefore, in the present study only items with a correlation of !0.45 were considered informative about a certain dimension and included in hypothesis testing. The item's highest value among the correlations with each of the four dimensions was considered an indication to which dimension this item belonged. When databased and hypothesis-based dimensional assignment agreed, our hypothesis was proved and accepted. Overall, to accept or reject our overarching goal that the set of items from the two OHRQoL instruments and the additional OHIP items can be integrated into the four dimensions, we expected that 75% of our individual hypotheses would be accepted.
Results
Characterization of prosthodontic patients in six countries
Sociodemographic and clinical characteristics of the 267 adult patients from six international prosthodontics treatment centers varied substantially (Table 1) . Overall, patients' mean age was 54.0 years. Fifty-eight percent of the patients were women. The majority of patients had a combination of fixed prosthodontics and their own natural teeth (57%), but numbers varied from 18% in Japan, up to 96% in Slovenia. About half of the study's total patients were assessed after treatment, with Slovenia having the lowest number (32%) and Japan having the highest (68%). OHRQoL impairment differed across countries, from a minimum of 18.2 OHIP points in Sweden up to 49.8 OHIP points in Germany (average of 37.2 OHIP points). These differences in OHRQoL impairment across centers were clinically relevant as compared to OHIP-49's Minimal Important Difference of six points [26] . When translated into an absolute problem frequency according to Reissmann et al. [27] , between nine (Sweden) and 25 (Germany) impacts per day over the last month occurred in the six treatment centers.
Hypotheses testing
Five items did not reach the threshold for salient correlations ( Table 2) . 'Swallow comfortably' had very low correlations across dimensions. 'Avoid laughing' had low correlations of similar magnitude to Oral Function, Orofacial Appearance, and Psychosocial Impact and, as expected, a very low correlation with Orofacial Pain. 'Joint noises', 'dry mouth', and 'biting cheeks' correlated rather equally, but low with all four dimensions.
For the 17 remaining items, one hypothesis was rejected. The item 'eating in front of people' was hypothesized to belong to Psychosocial Impact. It correlated substantially with this dimension (r = 0.60) but even slightly higher with Oral Function (r = 0.62). For 16 items, the highest correlation was in the predicted dimension and consequently, 16 hypotheses were accepted. For two of these 16 correlations, equally high correlation values occurred in another dimension. 'Eating with others' correlated with Psychosocial Impact (predicted) but also with Oral Function. 'Medication for pain' correlated with Psychosocial Impact (predicted) but equally with Orofacial Pain.
Overall, because 16 out of 17 individual hypotheses were accepted, we also accepted our overarching hypothesis that the set of OHRQoL items, having a unique content when compared to OHIP-49, can be assigned to four OHRQoL dimensions.
Ten items belonging to Oral Function, Orofacial Pain, and Orofacial Appearance had their second highest correlation always with Psychosocial Impact. In contrast, when the highest correlation for six items was observed to be Psychosocial Impact, the second highest correlation was evenly distributed among the other three dimensions.
Discussion
Items from two widely used OHRQoL questionnaires, the GOHAI and the OIDP, as well as culture-specific OHIP items could be integrated into a 4-dimensional OHRQoL model that is based on the most widely used OHRQoL questionnaire, the OHIP. Findings indicate the four OHIP dimensions of Oral Function, Orofacial Pain, Orofacial Appearance, and Psychosocial Impact seem to be generalizable to other OHRQoL questionnaires.
Indirect effects of oral conditions
Furthermore, a pattern emerged, that for indicators of Oral Function, Orofacial Pain, and Orofacial Appearance, the second highest correlation observed was always for Psychosocial Impact. This finding might be interpreted as evidence for indirect effects from oral conditions that we previously hypothesized [28] . Whereas most oral conditions have a primary effect on one of Table 1 Sociodemographic characteristics, denture status, proportion of follow-up assessments, and OHRQoL impairment in prosthodontics patients of six countries. [30] . While our findings share similarities with the previous study, they are more in line with a framework presented for the OIDP [31] . These authors examined hypothesized Pain, Discomfort, Functional Limitation, and Dissatisfaction with Appearance as "Level 2 Intermediate Impacts" (Level 1 is Impairment) and Physical, Psychological and Social Performances as "Level 3 Intermediate Impacts". We believe that this sequencethat primary functional, painful, and aesthetical problems have subsequent psychosocial impactsrepresents a typical situation when the primary influence is strong. While this is a frequent scenario, an isolated primary influence on Psychosocial Impact can also occur, as demonstrated before [28] .
OHRQoL dimensions
That OHIP-based dimensions are applicable to other instruments is not surprising. All OHRQoL instruments measure the same construct. Consequently, instrument scores should correlate highly. In fact, pairwise correlations between OHIP, GOHAI, and OIDP's total scores provided empirical evidence for an overlap in content. For example, GOHAI and OHIP-14 correlated highly, with a value of À0.83 in Swedish dental patients [4] , À0.76 in elderly Germans [1] , and 0.73 in elderly Japanese [2] (direction of the correlation differed depending on coding of scores). OIDP and OHIP-14 also correlated highly, with a value of 0.78 in British dental hospital patients [7] and with 0.76 in Brazilian postpartum women [3] . When the three OHRQoL instruments and a fourth questionnaire (Oral Health Quality of Life-UK, OHQoL-UK [32] ) were studied to determine the association between tooth loss À oral health's major physical health indicator À and OHRQoL, an association was present and seemed to be independent from the specific OHRQoL instrument used [33] . However, evidence that the measures correlated well with their dimensions is not available. Methodological reasons may be responsible for this situation. While factor analyses have been performed for OHIP-14, GOHAI, Table 2 Hypothesis testing for 22 OHRQoL items (having unique content compared to OHIP-49) belonging to four OHRQoL dimensions (based on OHIP-49) in 267 prosthodontics patients from six countries. and OIDP, they have consistently missed GOHAI's hypothesized dimensions of Physical Function, Psychosocial Function, and Pain/ Discomfort [34] , as well as OIDP's hypothesized dimensions Pain, Discomfort, Functional Limitation, Dissatisfaction with Appearance, and Physical, Psychological and Social Performances [31] . However, authors performed factor analyses using OHIP in conjunction with GOHAI or with OIDP [5, 6] . This indicated that authors thought that OHRQoL items/instruments are compatible enough to be combined. Resulting findings for OHIP-OIDP identified Functional Limitations, Pain-Discomfort, and Psychosocial Impacts as dimensions À identical to the four-dimensional OHRQOL (based on OHIP), except for Orofacial Appearance. We believe that Orofacial Appearance is so important for individuals À on par with Orofacial Pain and Oral Function À that this component of perceived oral health deserves a place in the theoretical structure of OHRQoL. For the GOHAI-OHIP analysis, a comparison is not so straightforward because six factors were found but not named in the study [6] .
Our findings corroborate previous results well. As previously mentioned, items did not only correlate highly with the predicted dimension but also notably with other dimensions. This was observed before [8] and is an indication that a strong general factor underlies OHRQoL, and that this construct can probably best be described by a hierarchical model with four first-order factors (dimensions) and a higher-order, general factor model [8] . Findings are also in line with previous findings [9] that not all existing OHRQoL indicators (items) are well suited to be incorporated into OHRQoL dimensions. Methodological reasons are partly responsible. For example, the OHIP item 'Have dental problems made you miserable' missed previously with 0.42 our threshold for a salient correlation (loading) and was not included in the Psychosocial Impact dimension even if this item seems to be a very plausible indicator. The same situation may apply to the item 'avoid laughing' in the current study. Based on the OHIP item 'avoid smiling' being a strong indicator for Orofacial Appearance, 'avoid laughing' had a substantial correlation with this dimension but also with Psychosocial Impact. More important than methodological influences is probably the fact that items such as 'joint noises' and 'dry mouth' are symptoms of oral conditions. The presence of symptoms in OHIP was previously observed for the OHIP item 'stale breath,' which could not be assigned to one of the four dimensions [9] . Conceptually, symptoms of oral diseases should not be incorporated in a dimensional OHRQoL model. Finally, we also encountered problems with some items. The item 'swallow comfortably' did not show an interpretable pattern of correlations, whereas an item with similar content ('difficulty swallowing') did. This indicates that OHRQoL items will still need more methodological work regarding how they perform across cultures.
Overall, while the findings of a strong general OHRQoL factor and indirect effects from one dimension to another are relevant from a conceptual point of view to elucidate mechanisms of oral conditions' influences on individuals, they also point to technical challenges. Items having a considerable correlation with more than one dimension will make dimensions more similar. This situation challenges the usefulness of dimension scores. Further item analyses are necessary, leading to the deletion of certain items and the addition of more specific items, to refine OHRQoL dimensions. Alignment of oral health with health-related quality of life measurement is also recommended [35] .
Strengths and limitations
For studies using questionnaires, it should be verified that scores are valid and reliable in the target population. While the OHIP-49 has documented sufficient psychometric properties in all six study countries [11, 12, [15] [16] [17] [18] , specific GOHAI [1, 4, 20, 21] and OIDP [22] [23] [24] language versions and the extra OHIP questions were only available for some settings. We did not perform a rigorous cross-cultural adaptation, which is a limitation. However, we believe that the introduced measurement error would probably have biased findings against the observed pattern. It seems unlikely that translation error and other influences would have moved results closer to a plausible, clinically interpretable pattern of findings.
We performed a correlation analysis to study the research question and we combined data without taking into account that they came from different countries, i.e., our data had a hierarchical structure. More sophisticated analyses exist, e.g., factor analysis, but these statistical techniques require more subjects than available. On the other hand, researchers have used other techniques besides factor analysis before [25, 30] to investigate dimensionality. Our robust correlation analysis, not relying on many statistical assumptions, provided a sound and interpretable pattern of findings. Finally, we studied GOHAI and OIDP. While these two instruments are the two most widely used OHRQoL instruments besides the OHIP, many other instruments exist [36] . All the instruments share many similarities and the items of the two we studied should be seen as a sample of OHRQoL indicators in general.
Conclusion
The study advances our theory of oral health. While OHIP-based dimensions could be generalized to OHRQoL dimensions based on conceptual reasons before, we now have more evidence that Oral Function, Orofacial Pain, Orofacial Appearance, and Psychosocial Impact can serve as a simple and clinically meaningful set of OHRQoL dimensions because several instruments' items fit into these dimensions.
The study also points to future practical improvement of OHRQoL measurement. While short instruments that are based on the four-dimensional OHRQoL model such as the 5-item OHIP [37] already exist and were validated [38] , OHRQoL measurement can be advanced. The many existing OHRQoL instruments can integrate their items into the dimensions. Only four instrumentsone for each OHRQoL dimensionare necessary to comprehensively measure the major patient-perceived influences from oral disorders and dental interventions.
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